Rehabilitation of trans-humeral amputees represents a challenge. One of the difficulties to overcome is prosthetic suspension. In the case of elbow disarticulation the presence of humeral condyles permits better suspension, but there is no room for elbow joints, particularly electronic ones, and the only available mechanisms are provided by external hinges. The purpose of this report is to present a case of a primarily elbow disarticulated patient, with indication for surgical revision due to bad skin coverage, neuroma and the wish to improve prosthetic fitting. The surgical plan outlined was to produce a shortening of the humerus, by means of an osteotomy just above the humeral condyles, preserving them for prosthetic suspension. This bone reduction was carried out with complementary shaping of bone segments with an indentation to enhance fixation. The operation was completed with neuroma resection, myodesis and removal of the skin grafted area. Preservation of the humeral condyles actually produced effective suspension. For final fitting a Utah Arm II was used, with wrist rotator, and interchangeable hand and Greifer for terminal devices. Good initial results and at nine months follow-up suggest this procedure should be considered in other elective situations.
Introduction
One of the difficulties of trans-humeral amputees suspension. The lack of rehabilitation of is prosthetic anatomic bony All correspondence to be addressed to; N. De Luccia, Associate Professor of Surgery, Rua Dr. Alberto Seabra, 482 Sao Paulo-05452-000, Brazil. Fax: (+55) 11 30210066, E-mail: nluccia@nox.net prominence for prosthetic fixation usually determines the necessity of a vacuum socket or silicone system, associated with harnessing, for enhancing suspension, and a functional mechanical elbow and terminal device. Myoelectric prostheses require less harnessing than body powered ones. On the other hand, electronic devices represent an extra weight that poses another prosthetic problem.
In the case of elbow disarticulation the humeral condyles are useful for prosthetic fixation, but there is no room for good prosthetic elbows, particularly electronic ones.
The purpose of this paper is to report on the treatment of an elbow disarticulated patient who could be fitted with an electronic elbow by means of a new surgical technique.
Case report
RB is a 25-year-old patient who suffered a right forearm avulsion in a traffic accident. In emergency care, to preserve length, surgeons performed an elbow disarticulation, despite the absence of total skin coverage. This defect was later covered with skin graft. The resulting stump was functional and the patient used a body-powered prosthesis with a hook for a terminal device and external hinges for elbow flexion. Nevertheless, for his professional activity, he wanted a more functional prosthesis, and the extremity of the stump was very painful and subject to frequent ulceration particularly on the skin grafted area over the lateral humeral condyle. The authors started to treat the patient at that time.
On examination of the bad skin coverage over the lateral humeral condyle, pain and a tingling sensation over the area of the ulnar nerve, suggested a neuroma formation. It became clear that the patient had the indications for surgical revision (Fig. 1 ). For prosthetic indication, considering the profile of this patient, as a daily wearer of a body powered prosthesis demanding improvement, an electronic elbow was considered. A surgical plan was outlined to relieve symptoms of the stump extremity and at the same time provide room for an electronic elbow, while not losing the possibility of using a body powered prosthesis but with the advantage of better suspension. The plan was to preserve the humeral condyles with a reduction osteotomy of the shaft of the humerus, combined with neuroma resection and myodesis.
Osteotomy as described was performed removing about 3 centimetres of the humerus just above the condyles region, with a complementary indentation to assure bone security on joining ( Fig. 2) .
With this bone indentation, no metallic fixation was employed, but the humeral condyles were firmly impacted to the proximal bone area with periosteal Vycril sutures. Biceps and triceps were secured to the overlying periosteum to enhance osteal fixation. An ulnar neuroma was resected ( Figs. 3 and 4 ). Postoperatively regular soft dressings were used and rest and non-prosthetic use recommended for two months.
Prosthetic fitting proceeded, with the selection of the electronic elbow produced by Motion Control Inc. (Utah Arm II), with wrist rotator and myolectrical hand with interchangeable Greifer (Otto-Bock) for terminal device.
The firm fixation provided by the operation, produced a very efficient suspension that allowed control of electronics components even with the arm in total abduction, and lifting objects with no harnessing (Fig. 5 ).
Muscles firmly attached to the humerus produced strong myoelectrical signals that provided good control of the electronic elbow and terminal devices. Training was completed in a few days and so far, after nine months of follow-up, the patient reports good function of the prosthesis in his professional activity working in a chemical laboratory.
Discussion
The practice of regarding amputation surgery as a reconstructive procedure rather then just an ablation of part of the limb, created several operations to enhance the function of the stump, and better prosthetic fitting.
Particularly considering osteoplastic operations, there are several reports in the medical literature. Classical amputation operations are osteoplastic procedures. Pirogoff (1854), not being very successful with the subperiosteal removal of the heelbone on Syme's disarticulation, described his own operation making a perpendicular cut of the heelbone to be fused to the distal portion of the tibia. Gritti (1857) described his osteoplastic procedure on trans-femoral amputations. The thighbone was sawn through above the condyles Fig. 4 . a. X-ray just after the operation; b. radiological control two months later; c. external appearance of stump after operation. and the patella was rotated to close the opened bone cavity. The principle of these two operations was to enhance stump function by achieving end bearing for walking without a prosthesis in the first case, or better walking with a prosthesis in the second. End weight bearing in these two operations rely respectively on the preservations of heel and knee skin, which is naturally adapted to that function. Bier (1986) also described a osteoplastic procedure for trans-tibial amputations cutting a conical piece of the bones of the leg, and turning the distal portion ninety degrees to create a "small foot" to supposedly allow weight bearing on this area of the stump.
Another interesting report on osteoplastic amputations is from Baumgartner (1989). He described the shortening of the femur shaft and preservation of femoral condyles to keep the advantages of a knee disarticulation in a transfemoral amputation. This way true end bearing could be achieved as in a knee disarticulation, but there would be room for conventional prosthetic knee mechanisms.
More ingenious operations involved rotation of large bone segments. Sauerbruch (1922) described an operation, where hip disarticulation was required for disease of the femur and where indication for removal of the femur existed, creating a stump similar to that of a transfemoral stump, rotating the distal portion of the tibia and fusing it to the acetabulum. Van Nes (1950) , for the congenital condition known as Proximal Focal Femoral Deficiency, proposes a rotational osteoplastic operation to allow the ankle joint to work like a knee and permit the use of a trans-tibial type of prosthesis.
On upper limb amputation, Marquardt and Neff (1974) described an osteoplastic operation, the angular osteotomy of the humerus to enhance suspension and function of transhumeral amputees for congenital deficiencies in children. The technique remained as a classical option for these situations as later referenced by Marquadt (1981) and for adults as published by De Vries (1983) .
The purpose of the treatment of the patient reported in this study was to provide better prosthetic suspension while allowing room for a prosthetic elbow. Shortening of the humeral shaft preserving the condyles is a way of keeping the natural bony prominences that these structures represent. The condition of this patient with the indication for surgical revision and with a good profile for becoming a wearer of an electronic elbow is very particular. Nevertheless, the procedure should be considered in other elective situations, even for more functional mechanical elbows for body powered prostheses, as the loss of length is minimal, and good muscular fixation is obtained besides the advantage of preservation of the humeral condyles.
